Introduction: Increased understanding of orthodontic patients will improve communication between dentist and patient; this is important for an optimal treatment outcome. In this prospective study, we addressed the relationship between patient compliance and locus of control (LOC) characteristics and evaluated posttreatment changes in LOC profiles. Methods: Two types of LOC questionnaires, the Rotter internal control scale (RICS) and the Nowicki-Strickland external control scale (NSECS), were given to 561 patients before conventional orthodontic treatment. After orthodontic treatment, the same questionnaires were readministered, and patient compliance was evaluated by an orthodontist and 3 dental hygienists. LOC scores were calculated at the end of the examination period. The difference in LOC between the good and poor compliance groups, and the posttreatment changes in LOC were evaluated. Results: There was no significant difference in RICS and NSECS profiles between the good and poor compliance groups. NSECS decreased significantly after orthodontic treatment, but there were no significant changes in RICS. Conclusions: Patient compliance appears to be a complex factor that cannot be predicted by LOC evaluation before orthodontic treatment. Patients who underwent orthodontic treatment showed decreased external control dispositions. (Am J Orthod Dentofacial Orthop 2008;133:354-8) 
P atient compliance is a major problem in orthodontics. Therefore, if a brief psychological survey could anticipate compliance problems during orthodontic treatment, it would help clinicians to understand and communicate with their patients. The locus of control (LOC) scale has proved to be extremely useful in the prediction of various human behaviors. The concept of LOC refers to the tendency to perceive one's reinforcements as either a consequences of one's own behavior or due to extrinsic factors. 1 The effects of reward or reinforcement on preceding behavior depend in part on whether the person perceives the reward as contingent on his or her own behavior or independent of it. Those who believe that they exercise some control over their destinies are considered to be internally controlled and to have an internal LOC. In contrast, some patients believe that the attainment of a reward not only depends on their work or initiative but is also largely contingent on factors outside their control; in other words, the reward was the result of luck, chance, or fate; controlled by others; or unpredictable because of the great complexity of the forces surrounding them. This interpretation is labeled as belief in external control, and the patient is considered to have an external LOC. 2 LOC has been studied in many subjects to enhance the understanding and prediction of human behaviors, especially those affecting health. 3 In dentistry, LOC studies have been used to enhance oral hygiene, [4] [5] [6] to evaluate prognosis of periodontal treatment, 7 and to investigate the relationship between LOC and craniomandibular dysfunction. 8 More specifically, a LOC scale, introduced for orthodontic patients and their parents, has been shown to be a valid and reliable tool for orthodontist-patient communication. 9 Thus, LOC was expected to be a useful tool to enhance patient compliance in orthodontic treatment.
It has been suggested that there is a linear relationship between internal or external LOC and patient adjustment, with external patients tending to be more maladjusted than internal ones. 10 Moreover, an internal control disposition is associated with different social behavior, higher academic performance, and other achievement-related activities. 11, 12 Patients who have internal LOC are known to adapt faster, have less pain during orthodontic treatment, 13 and tend to cooperate better than those with an external LOC.
14 However, they also more actively express their complaints about treatment 15, 16 ; this can make an unfavorable impression on clinical staff. Because patient compliance is an important prerequisite for a positive treatment outcome in orthodontics, it was considered valuable to determine whether patient compliance can be predicted by a relatively simple survey before treatment. [17] [18] [19] Thus, our first aim in this prospective investigation was to analyze the relationship between patient compliance and LOC characteristics.
The second aspect of this study addressed quantification of the influence of orthodontic treatment on patient psychology. Orthodontic treatment is expensive and demands effort from the patient. The perceived benefits of orthodontic treatment are increased regularity of the dental arches and a more favorable appearance. 20 These benefits might elicit favorable feedback, which in turn reinforces the internal control disposition. Subjects with a previous history of orthodontic treatment have been reported to show greater internal control than those who had not previously been treated. 21 However, because those who decide to have their malocclusion treated have been found to have greater internal control than average, 15 it is necessary to determine whether the increased internal control resulted from the treatment or was determined by their personality traits. It has been reported that general psychosocial responses are not influenced by orthodontic treatment. 22 Therefore, our second aim was to evaluate prospectively the change in LOC characteristics between pretreatment and posttreatment.
MATERIAL AND METHODS
The study included 561 subjects who were consecutively treated by the first author (S.J.L.) and 3 dental hygienists in a private orthodontic office in a metropolitan middle-class area in western Seoul, Korea, between 1997 and 2002. The subjects included 195 males and 366 females with a mean age of 16.4 Ϯ 6.5 years. Patients with planned orthognathic surgery or esthetic plastic surgery were excluded to eliminate the psychological influence of surgical intervention. The inclusion criteria were similar to those of previous research 20 : moderately severe to severe malocclusion with an esthetic impairment, educational level equivalent to elementary school, no significant previous or concomitant organic or psychiatric disease, and agreement to participate in a longitudinal study. The average treatment time was 2.1 Ϯ 0.5 years.
Two types of LOC questionnaires were administered before and after orthodontic treatment. One measured attitude characteristics for internal control orientation based on the Rotter internal control scale (RICS) 1 comprising 29 items (including 6 filler items). Example items of the scale are "People's misfortunes result from the mistakes they make" and "One of the major reasons why we have wars is because people don't take enough interest in politics." This scale was translated into Korean and then tested for comprehension; minor changes in the wording were made, resulting in 15 items with 6 filler items on the basis of the response ratio and an internal consistency correlation for each item. 23 The second questionnaire was designed to measure the magnitude of external control, based on the NowickiStrickland external control scale (NSECS), 24 a paper-andpencil measure consisting of 40 yes or no questions. Examples of items on the scale are "Do you believe that most problems will solve themselves if you don't interfere with them?" and "Are you often blamed for things that just aren't your fault?" The original scale was translated, and the response ratio, internal consistency, and reliability were tested; this finally resulted in 40 items. 25 At the end of active orthodontic treatment, patient compliance was evaluated independently by the orthodontist (S.J.L.) and 3 hygienists, since measurement of compliance is both subjective and sensitive. The orthodontist, a male dentist, has been in clinical orthodontic practice for over 14 years. The hygienists had over 6 years experience each in a clinical orthodontic practice. The opinions of the hygienists were combined. The following criteria were used to define compliance: oral hygiene, keeping appointments, and wearing of appliances, including extraoral anchorage devices and intraoral elastics. Originally, each subject was evaluated on a 5-point Likert scale, but the data were recoded on a 3-point scale (good, fair, and poor), because there were few extreme scores. Finally, the good and fair groups were unified as the good compliance group, and the subjects were assigned to either the good compliance or the poor compliance group for ease of interpretation. These data transformations were shown to have no effect on the main result of the study (data not shown).
The RICS and the NSECS were readministered at the end of treatment. The cumulative scores of the questionnaires were not checked and calculated until the end of data collection to prevent observer bias between patient compliance and LOC characteristics.
Statistical analysis
After the data were collected, an inferential test with mixed model analysis of variance (ANOVA) was performed for both sex differences and age covariates; it showed no significant effects of those confounding variables. After checking the assumption of homoscedasticity and normality, an independent t test was therefore used to evaluate the difference in LOC between the good and poor compliance groups. The paired t test was used to evaluate the difference between pretreatment and posttreatment LOC. The results of the RICS and the NSECS were compared with normative data available for Korean samples, 23, 26 by using the Student t test with estimated population standard error of the difference and pooled variance estimates. The measure of agreement between the orthodontist and the dental hygienists about patients' compliance was analyzed with the kappa statistic. The McNemar test for the contingency table was used to determine whether the subjects were equally likely to fall into either contradictory classification category.
RESULTS
Sex and age covariates had no statistically significant effect on the 2 types of LOC scale, the RICS and the NSECS. As expected, the RICS and the NSECS showed negative correlation, r ϭ Ϫ0.386 (P Ͻ.001), because of their opposing concepts.
When compared with previous studies that evaluated the RICS and the NSECS for the general population, 23, 26 our subjects showed higher internal control scores (mean RICS, 9.45; age, 20-30; number of subjects, 33 23 ) and lower external control scores (mean NSECS, 17.51; age, 8-19; number of subjects, 690 26 ). About 74% of the patients were classified as compliant by the orthodontist, and about 81% were classified as compliant by the hygienists. Although the kappa statistic was significant (, 0.34; P Ͻ.001), the measure of agreement for patient compliance showed poor marginal agreement between the orthodontist and the hygienists. The McNemar test for the contingency table showed that, among subjects who were classified differently, they were not evenly split (P Ͻ.001). It was apparent that the hygienists considered more patients compliant than did the orthodontist (Table I) . Table II shows no statistically significant difference between the good and poor compliance groups in either the RICS or the NSECS profile.
The paired t test showed that the NSECS score was lower after orthodontic treatment (P Ͻ.001), whereas the RICS score was unchanged (Table III) .
DISCUSSION
Some psychological inventories have already been proven to be related to compliance in adolescent orthodontic patients. 17, 18, 27 Among the various psychological inventories, the LOC scale has proved particularly useful, especially in the prediction of healthenhancing behavior. [3] [4] [5] [6] [7] [8] This study was inspired by a previous report that concluded that LOC information might be useful to enhance patient compliance in orthodontic treatment. 9 Although a specific LOC questionnaire for orthodontic patients 9 is available, there were 3 reasons for selecting the RICS and the NSECS in this study: (1) the RICS and the NSEC have already been used many times in their translated forms with proven reliability and validity for the general population and orthodontic patients 15, 16, [23] [24] [25] [26] ; (2) a minimum elementary level of education is required for use; and (3) these tests are practical for use in clinical practice with free distribution and rapid completion, and most patients can complete them in 15 minutes.
The initial alternative hypothesis of this study stated that patient compliance is related to the patient's LOC and thus could be predicted by an LOC survey before treatment. However, the results did not support the hypothesis that there is a relationship between the LOC and patient compliance, even though the number of subjects was large enough to prevent type II errors that are always problematic when an alternative hypothesis is rejected.
Theoretically, one would expect some relationship between internality and good compliance in orthodontic practice. Patients who have an internal control inclination are known to adapt faster and have less pain during orthodontic treatment, 13 but, because they also complain freely, they can create an unfavorable impression on the clinical staff. 15, 16 The assessment of patient compliance is primarily the rater's subjective opinion. Therefore, evaluation of patient compliance by the orthodontist and the clinical staff might, to some extent, reflect their personal impressions of the patient.
It is also likely that patient compliance is complex and cannot be explained by LOC characteristics alone. A previous study of patient compliance for wearing of appliances reported little consistency among various compliance indicators, such as keeping appointments, oral hygiene habits, and appliance maintenance. 28 It was also found that orthodontic compliance does not involve a single general dimension of compliance. For example, a patient who is a good brusher is not necessarily a good headgear wearer, and vice versa. 18 Although measurement of compliance has been attempted with reliable systems such as built-in timing devices in various appliances, [29] [30] [31] [32] these could only measure appliance wear time objectively. Some research has focused on the effect of sex differences and ages on compliance with appliance wear. 19, 32, 33 One study found that prepubertal patients (Ͻ12 years of age) were more compliant than other age groups in wearing the appliances but less compliant in keeping appointments or protecting appliances from breakage. 33 Thus, although quantitative assessments of patient compliance have measured tasks such as appointment keeping, appliance wear, interest in treatment, and adequate oral hygiene, 27 other factors can influence patient compliance, making accurate measurement a truly challenging task.
The conclusion that patient compliance cannot be predicted by the LOC does not nullify the usefulness of the LOC measure. In practice, the proposal of Tedesco et al, 9 emphasizing that orthodontist-patient communication should be adjusted according to the LOC characteristics of the patient, has proved to be useful. For example, for a rebellious adolescent patient with high internal LOC, the cause-effect relationship between compliance and progress toward the treatment goal should be emphasized consistently by the orthodontist. 9 This study showed that the hygienists' evaluations of patients' compliances were more generous than those of the orthodontist. The cause of disagreement might have originated from the psychological dynamic between the patient and the rater. In general, patients see the orthodontist as the authority figure rather than the hygienist. Therefore, the disagreement of the orthodontist and the hygienists might reflect their different viewpoints. It is also possible that an uncomplicated treatment can give the orthodontist a favorable impression of the patient, and posttreatment assessment of patient compliance is influenced by this impression. An orthodontist not only is influenced by the patient's appointment keeping and obedience, but also is more sensitive to and responsible for the quality of treatment. This might explain why the orthodontist more critically assessed compliance than did the hygienists.
The subjects who completed posttreatment LOC questionnaires showed changes only in the NSECS variables; there was no significant change in the RICS scores. This difference might be explained in part by the nature of the scales; the RICS consists of only 15 items (6 items were fillers), whereas the NSECS consists of 40 items; this could have resulted in greater discrimination.
Subjects with advantageous dental esthetics appeared to develop more acute dentofacial awareness and hold stronger beliefs that dental appearance is important for a healthy appearance and successful social interactions. 21 The time and cost of orthodontic treatment produces significant posttreatment benefits such as improved esthetics, and social and psychological well-being. This, in turn, might reinforce autonomy and responsibility for self, including one's own oral health.
The subjectivity of the compliance measure is a major limitation of this study. Further studies are required with more objective variables, such as an index of orthodontic treatment need, 34, 35 more objective indicators of compliance, 36 and a patient satisfaction scale, 37 to increase understanding of the roles of patient compliance and psychology in orthodontic treatment.
CONCLUSIONS
Orthodontic treatment requires a high technical standard; however, patient psychology and compliance are considered equally important factors in the treatment protocol. Patient compliance appears to be a complex issue that cannot easily be predicted before treatment by LOC questionnaires. Patients who underwent orthodontic treatment showed reduced external control characteristics than before treatment; this can be interpreted as an incidental psychological gain through orthodontic treatment. These findings warrant further studies of patient compliance and the psychology of orthodontic treatment.
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